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NOTICE

NEW STRUCTURE AND SOLICITATION SCHEDULE FOR PHYSICAL
SCIENCES DIVISION NRA

The Physical Sciences Division of the Office of Biological and Physical Research is
changing its schedule for announcement of research opportunities. Beginning with this
NASA Research Announcement (NRA), the Physical Sciences Division will issue one
annual announcement for all research program elements: Biotechnology, Combustion
Science, Fluid Physics, Fundamental Physics, Materials Science, and Special Focus
Themes. Due dates for proposals responding to these program discipline elements are
specified within this document. This new format and frequency replace the biennial,
discipline-specific solicitation structure previously utilized for announcement of research
opportunities.
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RESEARCH OPPORTUNITIES IN PHYSICAL SCIENCES

. INTRODUCTION AND GENERAL POLICIES

NASA is an investment in America’s future. Two of the key missions of the Agency to which the
subject of this NASA Research Announcement (NRA) directly relates are to advance and
communicate knowledge and understanding of the Earth, the solar system, and the universe; and
to advance human exploration, use, and development of space. In charting NASA'’s vision for the
future and plan for accomplishing its mission, the Agency has created the NASA Strategic Plan
2000. The plan includes near term priorities, such as construction and operation of the
International Space Station (ISS), and longer term investments, including scientific and
technological research. In recognizing the revolutionary role of biotechnology in the 21% century
and also to take advantage of the unprecedented capabilities of the International Space Station
(ISS) for conducting world class physical, chemical, and biological research, NASA created the
Office of Biological and Physical Research (OBPR) on October 2, 2000.

The OBPR mission is to use the synergy among physical, chemical, and biological research in
space to acquire fundamental knowledge and generate applications for space travel and Earth
applications. The goals of NASA's fifth and newest Enterprise are the following:

» Conduct research to enable safe and productive human habitation of space.

» Use the space environment as a laboratory to test the fundamental principles of physics,
chemistry, and biology.

« Enable and promote commercial research in space.

» Use space research opportunities to improve academic achievement and quality of life.

The Enterprise seeks to understand the fundamental role of gravity and cosmic radiation in vital
biological, physical, and chemical systems in space, on other planetary bodies and on Earth. To
accomplish this goal, the Enterprise must determine which technologies, processes, techniques,
and engineering capabilities must be developed to enable the OBPR research agenda in the most
productive, safe, economical, and timely manner. Finally, OBPR must effectively transfer
knowledge from research and discoveries to foster a permanent human presence in space, to
benefit commercial ventures, and to improve the quality of human life on Earth.

The Physical Sciences Division (PSD) of OBPR has the responsibility to conduct physical
sciences and engineering research that combines unique experimental facilities with long duration
access to low-Earth orbit and beyond to overcome gravity-induced limitations and to enable new
scientific discoveries. PSD recognizes that revolutionary solutions to the above fundamental
guestions of science and technology are likely to emerge from scientists, clinicians, and engineers
who are working at the frontiers of their respective disciplines and are also engaged in dynamic
interdisciplinary interactions. Therefore, the program sponsors and is seeking exceptional quality
discipline-based and interdisciplinary ground-based and flight research to drive technological
innovation for space exploration and ground-based applications.

The goals of the Physical Sciences Division are to

» Carry out cutting-edge, peer-reviewed, and multi-disciplinary basic research, as enabled by
the space environment, to address NASA'’s goal of advancing and communicating knowledge

« Develop a rigorous, cross-disciplinary scientific capability, bridging physical sciences and
biology to address NASA's human and robotic exploration goals

» Establish the International Space Station (ISS) facilities as unique, on-orbit science
laboratories addressing targeted scientific and technological issues of high significance



 Enhance the knowledge base that contributes to Earth-based technological and industrial
applications

To accomplish these goals, the Physical Sciences Division sponsors a wide spectrum of research
programs relevant to its three Research Elements:

Fundamental Microgravity Research

» Combustion science

*  Fluid physics

e Fundamental physics
* Materials science

» Exploration research

Biomolecular Physics and Chemistry (Separate announcement will address these
elements)

» Atomic and molecular processes in biosystems
» Biological sensing phenomena
* Cellular components assembling mechanisms

Biotechnology and Earth-Based Application

»  Cellular biotechnology
e Macromolecular biotechnology
» Earth-based applications

Additional information about OBPR and the Physical Sciences Division, including the Strategic
Vision, Research Themes, and the NASA Strategic Plan may be found through the OBPR
homepage on the World Wide Web at http://spaceresearch.nasa.gov/. In addition, this NRA may
be found through the menu listings Research Opportunities/Current (Open) Solicitations at the
same Web site.

The specific objectives of the physical sciences research program will be carried out by a broadly-
based and multidisciplinary research community recruited from academia, industry, and other
Government research agencies through this NASA Research Announcement. Prior to this
solicitation, the individual disciplines within the Physical Sciences Division, Biotechnology,
Combustion Science, Fluid Physics, Fundamental Physics, and Materials Science, had released
separate announcements generally on a biennial basis. Beginning with this announcement, the
Physical Sciences Division will issue one annual announcement for all research program
elements. These program elements are summarized at a top level in the next section and
described in more detail in Appendices B-G. Table 1 lists these program elements in the order of
their respective due dates for the submission of proposals. Questions about each element should
be directed to the respective Enterprise Discipline Scientist, all of whom are identified in the
appropriate Appendix.



Questions about this NASA Research Announcement structure and review of the Physical
Sciences Division research program may be sent to

Dr. Bradley Carpenter

Physical Sciences Division

Code UG

NASA Headquarters

Washington, DC 20546-0001
Telephone: 202-358-0826

Fax: 202-358-3091

E-mail: bcarpent@hg.nasa.gov

Il. SUMMARIES OF PROGRAM ELEMENTS FOR WHICH PROPOSALS ARE SOLICITED

This section provides top-level summaries of the various research elements, including information
pertinent to this solicitation such as research element goals, vision, and program scope.
Therefore, anyone interested in applying to this NRA is urged to read the relevant parts of this
section to decide whether their research interests are relevant to NASA OBPR/PSD interests,
and, if so, to which research element their proposal should be submitted. The appropriate
Appendix should then be studied for a more complete understanding of the goals and direction of
that program element. |t is especially important to note that the overall objective of each of these
program research elements is to contribute as effectively and directly as possible to the
achievement of OBPR/PSD strategic goals.

Cellular and Macromolecular Biotechnology Program

NASA's Biotechnology program includes both cellular and macromolecular research that supports
development of research for the International Space Station and applied research in
biotechnology for long-duration space flight. The goals are to advance the scientific
understanding of biotechnology processes relevant to NASA, use low-gravity experiments for
insight into the physical behavior of biotechnology processes, provide the scientific knowledge
needed to improve these processes, contribute to Earth-based systems concerned with
biotechnology, and develop technologies specifically supporting NASA activities. NASA's cellular
biotechnology program is developing new technologies for the growth of three-dimensional
mammalian tissues and supports the development of reduced hydrodynamic-shear bioreactors
that provide a model system for the low gravity conditions of space to the extent possible on
Earth. The program seeks to 1) accelerate the development of advanced three-dimensional
tissue culturing systems to support tissue engineering, 2) define and characterize mammalian
cells and tissues that benefit from a low shear environment using gene expression and changes
to metabolic function, 3) use the microgravity environment of space as necessary to surmount the
obstacles to the propagation of complex tissues, and 4) develop tissue models that support
biomedical research in space and on Earth including models for human disease studies and
pharmaceutical testing. NASA’s macromolecular biotechnology research encompasses a
spectrum of research including 1) crystallographic analyses of more complex and challenging
systems, such as motor proteins, glycoproteins, and integral membrane proteins by using the
space environment; 2) elucidation of the fundamental factors that provide for the observed
benefits in diffraction performance when macromolecular crystals are grown in microgravity; 3)
development of technologies and quantitative methodologies that will improve structural biology
research; and 4) research and development of leading-edge technologies for NASA missions in
biomaterials and biological nanotechnology.



Combustion Science Program

The Microgravity Combustion Science activity includes investigations of a wide range of
fundamental combustion processes, development of rational design procedures for maximizing
efficiency and minimizing pollution associated with combustion processes on Earth, development
of novel methods for materials production via combustion, improvement of fire safety at reduced
gravity conditions, and development of combustion-related technologies which will aid in the
human exploration of space. Current areas of study being funded include 1) Gaseous Flames
(Diffusion Flames, Premixed Flames, Partially Premixed Flames, Triple Flames, Flame-Vortex
Interactions, Kinetics, Electrical Field Effects, Magnetic Field Effects, Flame Suppression, Edge
Flames); 2) Droplets, Sprays, Particles, and Dust Clouds (Single Droplets, Droplet Arrays, Sooting
Droplets, Sprays, Particle Combustion, Dust Clouds, Bubble Combustion); 3) Combustion
Synthesis (Self-Propagating High-Temperature Synthesis, Fullerene production from Flames,
Nanoparticle production from Flames, Agglomerate production from Flames, Plasma Synthesis);
4) Surface Combustion/Fire Safety (Flame Spread Across Surfaces, Flammability Testing, Flame
Detection, Extinguishment, Smoldering, Liquid Pool Combustion, Secondary Fires); and 5)
Miscellaneous Topics (Cold Boundary Flames, Diagnostics Development, Propellant
Combustion).

Fluid Physics Program

The Microgravity Fluid Physics Program encompasses a wide range of research in physics and
engineering science, including studies of heat and mass transfer processes, fluid dynamics, the
physics of complex fluids, and biological fluids. Fluid mechanics and transport phenomena play a
dual role in the microgravity research program. It stands as a distinct area, but also appears as a
theme running through other disciplines. The motivation for this research is to enhance our
understanding of fluids physics related to basic science, earth applications, space flight, the health
and safety of the astronauts, and applications on other planetary bodies. There are currently six
major areas in the Microgravity Fluid Physics Program: complex fluids, interfacial phenomena,
biofluids, dynamics and instabilities, multiphase flow and heat transfer, and exploration.

Fundamental Physics Program

The Microgravity Fundamental Physics Program encompasses a wide range of research in
physics where the space environment offers distinct opportunities for researchers compared to
what can be accomplished in ground-based laboratories. There are two main goals for this
research program:
» explore and understand the fundamental physical laws governing matter, space, and time;
and to
» discover and understand the organizing principles of nature from which structure and
complexity emerges.

By looking deeply into the smallest and largest pieces that make up the fabric of our universe, we
will understand better our basic ideas that describe the world. While the basic laws of nature may
be simple, the Universe that has arisen under these laws is amazingly complex and diverse. By
studying nature apart from Earth’s gravity, we can understand better how the Universe developed.

There are currently five major areas in the Microgravity Fundamental Physics Program: low
temperature and condensed matter physics, laser cooling and atomic physics, gravitational and
relativistic physics, biological physics, and science enabling technology development and support
of NASA's exploration goals.



Materials Science Program

The Materials Science Program currently supports research in a broad range of areas. The
Materials Science Discipline Working Group (DWG), an advisory body to NASA’'s Physical
Sciences Division, has identified research areas, classified in terms of fundamental physical and
chemical phenomena, that it believes would benefit from access to long-duration, high-quality
microgravity conditions. Also included in the recommended research areas are those activities
that the DWG believes are required to fully realize the potential of microgravity research (e.g.
process modeling, materials characterization, etc.). The recommended research areas are 1)
Thermodynamics and kinetics of phase transformation; 2) Theory, modeling, and experimental
control of microstructure and defect formation; 3) Interfacial phenomena; and 4) Measurement of
relevant material properties. In addition to these areas of Materials Science, research in areas
that support NASA's exploration goals are a priority. Specifically, these are radiation shielding
appropriate for long-duration lunar or Mars missions, and the effects of gravity on the materials
processes necessary to convert resources found on other bodies of the solar system into usable
commodities. Since research in biomaterials and radiation shielding has only recently been
solicited by PSD, research in those areas will not be considered in this announcement. These
topics will be solicited in the PSD NRA to be released in Winter of 2002.

Special Focus Theme: Materials Science for Advanced Space Propulsion

A workshop was recently conducted with representatives of the Office of Aerospace Technology,
Office of Space Science, the Physical Sciences Division, and the materials science research
community to identify areas in advanced space propulsion that would benefit from fundamental
research in materials science. Extensive discussions sought to ensure that recommended
research topics were directly related to an important problem in advanced space propulsion, had
an identified NASA customer, and had a time scale such that they would benefit from results of
basic research. Based on the results of this workshop, the materials science program seeks to
support basic research in the following thematic areas as related to advanced space propulsion:

» Enabling materials

e Enabling processes

» Research enabled by, or that derives significant benefit from, access to space

» Establishment of Cornerstone Knowledge

Please refer to Appendix G to obtain a more detailed description of each thematic area.

Short descriptions of all investigations in all disciplines being funded by PSD as of FY2000 may be
found in the PSD FY2000 Task Book at:
http://peerl.nasaprs.com/peer_review/taskbook/taskbook.html

Ill.  SELECTION CATEGORIES (GROUND, FLIGHT)

Proposals selected for support through this NRA will generally be designated as either ground-
based or flight definition investigations. (Other categories may be identified within specific
program elements.) Investigators offered support in the ground-based program normally will be
required to submit a new proposal for competitive renewal after no more than four years of
support. Investigators offered flight definition status are expected to begin preparing detailed
experiment requirements and concepts for flight experiment development shortly after selection in
cooperation with the assigned representative from the appropriate NASA Center. Selected
investigations will be required to comply with NASA policies, including the return of all appropriate
information for inclusion in the NASA archives during the performance of and at the completion of
the contract or grant.



Commitment by NASA to proceed from flight definition to the execution phase of a flight
experiment will be made only after several additional engineering and scientific reviews and
project milestones have established the feasibility and merit of the proposed experiment.
Investigations that do not pass these reviews will be funded for a limited period (generally no more
than four years from the initial award date) to allow an orderly closure of the project.

The Principal Investigator in flight definition must prepare a Science Requirements Document
(SRD) early in the development of a flight experiment to guide the design, engineering, and
integration effort for the instrument. The SRD describes specific experiment parameters,
conditions, background, and justification for flight. Ground-based, normal, and reduced-gravity
experimentation, as well as any necessary parallel modeling efforts, may also be required to
prepare an adequate Science Requirements Document. The amount of support (technical,
scientific, and budgetary) provided to investigators by NASA will be determined based upon
specific investigator needs and the availability of resources to NASA and PSD.

IV. GUIDELINES FOR INTERNATIONAL PARTICIPATION

(1) NASA welcomes proposals from outside the U.S. However, foreign entities are generally not
eligible for funding from NASA. Therefore, unless otherwise noted in the NRA, proposals from
foreign entities should not include a cost plan unless the proposal involves collaboration with a
U.S. institution, in which case a cost plan for only the participation of the U.S. entity must be
included. Proposals from foreign entities and proposals from U.S. entities that include foreign
participation must be endorsed by the respective government agency or funding/sponsoring
institution in the country from which the foreign entity is proposing. Such endorsement should
indicate that the proposal merits careful consideration by NASA, and if the proposal is selected,
sufficient funds will be made available to undertake the activity as proposed.
(2) All foreign proposals must be typewritten in English and comply with all other submission
requirements stated in the NRA. All foreign proposals will undergo the same evaluation and
selection processes as those originating in the U.S. All proposals must be received before the
established closing date. Those received after the closing date will be treated in accordance with
NASA FAR Supplement 1852.235-72(g). Sponsoring foreign government agencies or funding
institutions may, in exceptional situations, forward a proposal without endorsement if endorsement
is not possible before the announced closing date. In such cases, the NASA sponsoring office
should be advised when a decision on endorsement can be expected.
(3) Successful and unsuccessful foreign entities will be contacted directly by the NASA
sponsoring office. Copies of these letters will be sent to the foreign sponsor. Should a foreign
proposal or a U.S. proposal with foreign participation be selected, NASA's Office of External
Relations will arrange with the foreign sponsor for the proposed participation on a no-exchange-
of-funds basis, in which NASA and the non-U.S. sponsoring agency or funding institution will each
bear the cost of discharging their respective responsibilities.
(4) Depending on the nature and extent of the proposed cooperation, these arrangements may
entail

(i) An exchange of letters between NASA and the foreign sponsor; or

(i) A formal Agency-to-Agency Memorandum of Understanding (MOU)).

As stated above, non-U.S. proposals accepted under this NRA will be implemented on the
customary no-exchange-of-funds basis, in which NASA and the sponsoring non-U.S. agency will
each bear the cost of discharging their respective responsibilities. Additionally, NASA funding
may not be used to purchase a launch service from a non-U.S. source. However, the direct
purchase of goods and/or services from non-U.S. sources by U.S. Principal Investigators or U.S.
Co-Investigators is permitted. Investigators are advised that international purchases must meet
NASA and Federal regulations, including those relating to export and import control, and that
these regulations may place an additional burden on the successful investigator that should be
explicitly included in discussions of the proposed budget. U.S. proposals including foreign
participation must include a section discussing compliance with U.S. export laws and regulations,



e.g., 22 CFR Parts 120-130 and 15 CFR Parts 730-774, as applicable to the circumstances
surrounding the particular foreign participation. The discussion must describe in detail the
proposed foreign participation and is to include, but not be limited to, whether or not the foreign
participation may require the prospective investigator to obtain prior approval of the Department of
State or the Department of Commerce via a technical assistance agreement or an export control
license, or whether a license exemption/exception may apply. If prior approval via licenses is
necessary, discuss whether the license has been applied for or, if not, the projected timing of the
application and any implications for the schedule. Information regarding U.S. export regulations is
available at http://www.pmdtc.org/ and http://www.bxa.doc.gov/ . Investigators are advised that
under U.S. law and regulations, spacecraft and their specifically designed, modified, or configured
systems, components, and parts are generally considered “Defense Articles” on the United States
Munitions List and subject to the provisions of the International Traffic in Arms regulations (ITAR),
22 CFR Parts 120-130.

V. OBPR POLICY FOR EDUCATION AND PUBLIC OUTREACH

NASA envisions that the selected proposals will be structured and operated in a manner that
supports the country’s educational initiatives and goals (including historically black colleges and
universities and other minority universities), and in particular the need to promote scientific and
technical education at all levels. NASA envisions that the selected proposals will support the
goals for public awareness and outreach to the general public.

In support of the OBPR goal to “use space research opportunities to improve academic
achievement and the quality of life,” individuals participating in the physical sciences program are
encouraged to help foster the development of a scientifically informed and aware public. The
physical sciences program represents opportunities for NASA to inspire students and teachers to
“reach for the stars,” to enhance the Nation’s formal education system, and to broaden the
public’s understanding and appreciation of the value of research in the microgravity environment
of space. PSD’s demonstrated contributions to education and outreach have now become an
important part of the broader justification for the public support of microgravity science research
(for further details open Education on the OBPR homepage at the Web site provided above).
Therefore, all participants in this NRA are strongly encouraged to promote general scientific
literacy and public understanding of the microgravity environment and physical sciences research
conducted under microgravity conditions through formal and/or informal education opportunities.

Proposals should include a clear and concise description of a plan for education and outreach
activities. Examples include such items as involvement of students in the research activities,
technology transfer plans, public information programs that will inform the general public of the
benefits being gained from the research, and/or plans for incorporation of scientific results
obtained into educational curricula consistent with educational standards.

The selected investigators are invited to participate in NASA-funded educational programs. Where
appropriate, the supported institution will be required to produce, in collaboration with NASA, a
plan for communicating to the public the value and importance of their work.

VI. NEW INSTRUCTIONS FOR PREPARATION/SUBMISSION OF PROPOSALS

In May 2001, NASA published a comprehensive, unified set of guidelines describing the policies
and procedures of the Broad Agency Announcement used by the National Aeronautics and Space
Administration known as the NASA Research Announcement (NRA). This publication is entitled
Guidebook for Proposers Responding to a NASA Research Announcement. The most recent
edition of this Guidebook can be found by following links through the NASA World Wide Web
homepage at http://www.nasa.gov or more directly from



http://www.hg.nasa.gov/office/procurement/nraguidebook/propgdbk.pdf. This standardization has
proven to be of significant value to NASA to help ensure the uniform handling and processing of
submitted proposals, as well as to researchers interested in responding to multiple program
elements.

By reference, this Guidebook for Proposers Responding to a NASA Research Announcement is
hereby incorporated into this NRA. All investigators to this NRA are responsible for understanding
and complying with its procedures before preparing and submitting their proposals. In particular,
its Chapter 2 (“Proposal Preparation and Organization”) and Chapter 3 (“Proposal Submission
Procedures”) largely replace the contents of “Appendix C” in most OBPR/PSD (formerly Office of
Life and Microgravity Sciences and Applications) NRAs issued during the previous three years.
Also, note that the NASA-required proposal Budget Summary form is now available electronically
through the Web site specified in the NRA directly following the Cover Page/Proposal Summary
for printing in hard copy for submission with the hard copies of the proposal. The other chapters
and appendices of this Guidebook for Proposers Responding to a NASA Research
Announcement provide supplemental information about the entire NRA process, including NASA
policies for the solicitation of proposals (including those involving non-U.S. participation),
guidelines for writing complete and effective proposals, the NASA policies and procedures for the
proposal review and selection processes and for issuing and managing the awards to the
institutions that submitted selected proposals, and Frequently Asked Questions (FAQs) about a
variety of proposal and award processes and procedures.

OBPR has recently converted to a new electronic proposal handling system designated SYS-
EYFUS. This system, whose usage by the investigator is described in much more detail in
Appendix A, is to be used for electronic submission of a Notice of Intent (NOI) to propose and for
preparation and electronic submission of the Cover Page/Proposal Summary and Budget
Summary of the proposal itself (Chapters 2 and 3 of the Guidebook for Proposers Responding to
a NASA Research Announcement as discussed above contain more detailed information about
these two items). In order to make full use of this electronic system, it is necessary for the
investigators (Principal Investigator and Co-Investigators) to register in the SYS-EYFUS
system; instructions for doing so are included in Appendix A. The SYS-EYFUS Web site
will be open for the submission of NOIs for any given program element in this NRA for (typically)
45 days, starting about 90 days before the proposal due date, and the site will be open for the
submission of the other required proposal materials starting about 45 days before the proposal
due date (see Table 1 below for all schedules). A point of contact for assistance in accessing
and/or using this Web site is given in the Summary Information of Section IX.

Although, as stated above, the investigator is responsible for understanding and complying with
the Guidebook, a brief summary of what should be included in your proposal is presented here for
the benefit of the investigator. Proposals submitted in response to this Announcement must be
typewritten in English, should not exceed 20 pages in length, exclusive of appendices and
supplementary material, should be typed on 8-1/2 x 11 inch paper with a 10 or 12 point
font, and should contain at least the following elements (in order):

(2) Standard Cover Page and Summary (The summary should succinctly convey, in broad
terms, what it is the investigator wants to do, how the investigator plans to do it, why it is
important, and how it meets the requirements for programmatic relevance and/or
relevance to OBPR goals)—Standard forms to be obtained from the SYS-EYFUS Web site
discussed in Appendix A

(2) Budget Summary—Standard forms also to be obtained from SYS-EYFUS

(3) Table of Contents

(4) Research Project Description containing the following elements:



a. Statement of the hypothesis, objective, and value of this research.
Review of relevant research.

Justification of the need for low gravity or a space environment to meet the
objectives of the experiment.

d. Description of the diagnostic measurements that would be required to satisfy the
scientific objectives of any proposed low gravity experiments.

e. Estimation of time profile of reduced-gravity levels needed for the experiment or
series of experiments.

f. A clear and unambiguous justification of the need to perform the experiment in
space as opposed to ground-based, reduced-gravity facilities (flight definition
proposals only).

g. A description of a ground-based testing program that might be needed to
complete the definition of the space flight experiment requirements in terms of
experiment conditions, acceleration levels and durations, control and diagnostic
measurement requirements, etc.

(5) Management plan appropriate for the scope and size of the proposed project, describing
the roles and responsibilities of the participants

(6) A clear and concise description of the proposed plan for education and public outreach
activities, not to exceed 5% of the budget. Examples include such items as involvement of
students in the research activities, technology transfer plans, public information programs
that will inform the general public of the benefits being gained from the research, and/or
plans for incorporation of scientific results obtained into educational curricula. Proposed K-
12 related education activities should adhere to and identify relevant education standards

@) Prior Period of Support. For follow-on proposals of ongoing PSD-sponsored projects, a
summary of the objectives and accomplishments of the prior period of support, including a
list of published papers derived from that support, must be included as part of the
investigator’s justification for continued support. (Supplementary material)

(8) Summary of current and pending support for the Principal Investigator and Co-
Investigators. If the investigator is currently performing similar work under funding
from another government agency, he/she must clearly explain the difference
between this proposed project and the other work. (Supplementary material)

(9) Complete current curriculum vitae for the Principal and Co-Investigators, listing education,
publications, and other relevant information necessary to assess the experience and
capabilities of the senior participants. (Supplementary material)

VIl.  REVIEW PROCESS AND EVALUATION CRITERIA

The evaluation process for this NRA will be based on a peer review of the proposal's intrinsic
scientific and technical merit, articulated relevance to the Physical Sciences program, and cost of
the research plan. The reviewers will be scientific and technical experts from government,
academia, and industry. Each proposal will be reviewed independently by members of the review
panel and discussed at a review panel meeting to determine a consensus evaluation for the
proposal. For flight definition proposals, NASA will also conduct engineering and management
reviews to establish feasibility of the planned implementation, to review risk mitigation plans, to
evaluate the experience of the implementing organization, and to review the budget. The external
peer review and internal engineering review panels will be coordinated by the NASA Enterprise
Discipline Scientists. Consideration of the programmatic objectives of this NRA will be applied by



NASA to ensure enhancement of program breadth, balance, and diversity. NASA will also
consider the cost of the proposal. The PSD Director will make the final selection based on
science panel evaluations and programmatic recommendations.

Upon completion of all deliberations, a selection statement will be released notifying each
investigator of proposal selection or rejection. Offerors whose proposals are declined will have
the opportunity of a verbal debriefing with a NASA representative regarding the reasons for their
not being selected for award. In all cases, the Government's obligation to make awards is
contingent upon the availability of appropriated funds from which payment can be made, and upon
the receipt of proposals in response to this NRA that NASA determines are acceptable for award.
Additional information on the evaluation and selection process is provided below and in the
Guidebook for Proposers Responding to a NASA Research Announcement, previously
referenced. The most recent edition of this guidebook can be found by following links through the
NASA World Wide Web homepage at http://www.nasa.gov or by going directly to the Web
address given in Sections VI and IX.

The principal elements considered in the evaluation of proposals solicited by this NRA are
relevance to NASA's objectives, intrinsic merit, and cost. Of these, intrinsic merit has the greatest
weight, followed by relevance to NASA's objectives, which has slightly lesser weight. Both of
these elements have greater weight than cost. Evaluation of the intrinsic merit of the proposal
includes consideration of the following factors, in descending order of importance:

» Overall scientific or technical merit, including evidence of unigque or innovative methods,
approaches, or concepts, the potential for new discoveries or understanding, or delivery of
new technologies or products and associated schedules.

e Qualifications, capabilities, and experience of the proposed Principal Investigator, team
leader, or key personnel who are critical in achieving the proposal objectives.

» Institutional resources and experience that are critical in achieving the proposal objectives.

» Proposed plan for education and public outreach activities. Examples include such items as
involvement of students in the research activities, technology transfer plans, public
information programs that will inform the general public of the benefits being gained from the
research, and/or plans for incorporation of scientific results obtained into educational
curricula, including compliance with relevant education standards.

e Overall standing among similar proposals available for evaluation and/or evaluation against
the known state-of-the-art.

Recommendations for funding for the proposals submitted to this NRA will be based on the peer
evaluation of each proposal, programmatic balance, and cost. The scientific peer review panel
will assign each proposal a numerical merit score based on the above factors. The score
assigned by the peer review panel will not be affected by the cost of the proposed work nor will it
reflect the programmatic relevance of the proposed work to NASA. However, the panel will be
asked to include in their critique of each proposal any comments they may have concerning the
proposal's budget and relevance to NASA. For flight proposals, the engineering and management
panel will evaluate the feasibility and complexity of accomplishing each investigation along with an
estimate of total cost for flight hardware development. NASA will take these assessments into
consideration in making the final selection of experiments that will be considered for flight
definition.

Evaluation of the cost of a proposed effort includes consideration of the realism and
reasonableness of the proposed cost and the relationship of the proposed cost to available funds.
NASA reserves the right to act in the best interest of the federal government in the matter of
proposal evaluation and funding. NASA reserves the right to determine the funding mechanism for
any proposal selected for funding.
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Evaluation of a proposal's relevance to NASA's objectives includes the consideration of the
potential contribution of the effort to NASA’s mission.

The following questions should be kept in mind by investigators when addressing the relevance to
NASA's scientific and programmatic objectives:

1) Is the space environment of fundamental importance to the proposed study, either in terms of
unmasking effects hidden under normal gravity conditions or in terms of using gravity level as
an added independent parameter, or in providing access to conditions not available on Earth?

2) Do the issues addressed by the research have potential to close major gaps in the
understanding of fundamentals of the cognizant discipline or to cross-disciplinary
interactions?

3) Is there potential for elucidation of previously unknown phenomena?

4) Is the project likely to have significant benefits/applications to ground-based as well as space-
based operations involving the basic disciplines or cross-disciplinary interactions?

5) Are the results likely to be broadly useful, leading to further theoretical or experimental
studies?

6) Does the proposal represent a ground-breaking advance or is it merely incremental relative to
the current state-of-the-art?

7) Is the project technologically feasible, without requirements for substantial new technological
advances?

8) How will this project stimulate research and education?

9) How does the projected cost/benefit ratio compare with other projects competing for the same
resources?

10) What is the potential of this project in terms of stimulating future technological “spin-offs”?
11) Are there strong, well-defined linkages between the research and OBPR/PSD goals?

Participation in this program is open to all categories of U.S. and non-U.S. organizations, including
educational institutions, industry, nonprofit institutions, NASA Centers, and other Government
agencies. Historically Black Colleges and Universities (HBCUs), other minority educational
institutions, and small businesses and organizations owned and controlled by socially and
economically disadvantaged individuals or women are particularly encouraged to apply.

VIIl.  ITEMS OF SPECIAL IMPORTANCE FOR THIS NRA

(1) Because this Physical Sciences NRA is being released far in advance of many of the
deadlines given in Table 1, additional programmatic information for any given entry may
develop before proposals are due. If so, such material will be added as an Amendment to
this NRA as posted at its NRA Web site no later than 90 days before the proposal deadline.
Although NASA OBPR/PSD will also send an electronic alert of any such amendments to all
subscribers of its electronic notification system (see Special Note (3) below), it is the
responsibility of prospective investigators to check this NRA Web site for updates
concerning the program element(s) of interest.

(2) OBPR/PSD now requires the electronic submission of certain key elements of
proposals through the World Wide Web (see below in the Summary Information), and this
practice continues with this NRA. While every effort is made to ensure the reliability and
ease of accessibility of this Web site, and to maintain a point of contact for assistance via e-
mail, difficulty in accessing and/or using this site may arise at any point on the Internet
including the user’'s own equipment. Therefore, prospective investigators are urged to
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familiarize themselves with this site well in advance of the deadline(s) of the program
element(s) of interest.

(3) OBPR maintains an electronic notification system to alert interested subscribers of the
impending release of its research program announcements and amendments. Subscription
to this service is accomplished through the menu item Research Opportunities on the
OBPR home page at http://spaceresearch.nasa.gov by following the instructions to Add
yourself to the OBPR mailing list. This requires registration (including specification of your
fields of interest) in the SYS-EYFUS database (previously referenced and described in
detail in Appendix A). Regardless of whether this service is subscribed to or not, all OBPR
research announcements may be accessed from the Web as soon as they are posted
(about 8:30 a.m. Eastern Time on the day of release) through Research Opportunities on
the OBPR homepage.

SUMMARY INFORMATION APPLICABLE TO THIS NRA

*  Program alphanumeric identifier: NRA 01-OBPR-08

 Date of NRA issue: December 21, 2001

» Period of Funding: Up to 4 years unless otherwise specified for a given discipline

* Guidance for preparation and submission of proposals:

Guidebook for Proposers Responding to a NASA Research Announcement at
http://www.hg.nasa.gov/office/procurement/nraguidebook/propgdbk.pdf

» Submission of Notice of Intent (NOI) to propose:

Due date: See Table 1 below for program element
of interest (typically 60 days prior to the
Proposal Deadline)

Web site for electronic submission:
http://proposals.hg.nasa.gov
Contact for assistance: Help Desk at 202-479-9376

» Electronic submission of the proposal’s Cover Page/Proposal Summary

Deadline: See Table 1 below for program element of interest.
Web site for electronic submission:

http://proposals.hq.nasa.gov

Contact for help: Help Desk at 202-479-9376

« Web site for download of proposal Budget Summary form:

http://proposals.hq.nasa.gov
Contact for help: Help Desk at 202-479-9376

 Renewal Proposals

Renewal proposals should not rely on references to previous proposals for any
information required for a complete proposal. It is particularly important that
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investigators who seek to extend an existing NASA research activity that is
relevant to this NRA submit a proposal that clearly identifies and documents
achievements on their current effort and how the work proposed in the current
proposal supports their request for additional sponsorship. Such follow-on
proposals will be reviewed on an equal basis with all other submitted
proposals.

* Submission of hard copy of proposals:

Page limits:

The proposal should not exceed 20 pages in length, exclusive of
appendices and supplementary material, and should be typed on 8-1/2 x
11 inch paper in a 10- or 12-point font. Extensive appendices and ring-
bound proposals are discouraged. Reprints and preprints of relevant
work will be forwarded to the reviewers if submitted as attachments to
the proposal, with the understanding that the reviewer is not required to
read them.

Required number: Signed original plus 15 copies
Deadlines: 4:30 p.m. Eastern Time on dates in Table 1

» Address for submission by U.S, Postal Service, commercial delivery, or courier:

Name of Program Element
Physical Sciences Division NRA
NASA Peer Review Services
Suite 200

500 E Street SW

Washington, DC 20024
Telephone: 202-479-9030

» Selecting Official: Dr. Eugene Trinh, Director
Physical Sciences Division
Office of Biological and Physical Research

« Announcement of selection: 180 days after proposal receipt

« Grant award or renewal start date: 90 to 135 days after proposal selection

¢ Further information:

Specific science program elements: Discipline Scientist listed for each program
element in Appendices B-G.

General NRA policies and procedures:

Dr. Bradley Carpenter

Physical Sciences Division

Code UG

NASA Headquarters

Washington, DC 20546-0001
Telephone: 202-358-0826

Fax: 202-358-3091

E-mail: bcarpent@hq.nasa.gov
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Your interest and cooperation in responding to this Physical Sciences Division NRA are
appreciated. Comments about the inclusive nature and/or structure of this NRA for the
OBPR/PSD supporting research and analysis programs are welcome and may be directed to
either the Discipline Scientists identified for each program element in Appendices B-G or to the
point of contact for General NRA Procedures identified above.

Kathie L. Olsen, Ph.D.
Acting Associate Administrator
Office of Biological and Physical Research
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TABLE 1

SCIENCE PROGRAM ELEMENTS SOLICITED IN NRA 01-OBPR-08

(in order of the proposal due dates)

NRA
Appendix

C

Science Program Element

Combustion Science

NOI
Due Date

2/05/02

Proposal
Due Date

3/22/02

Point of Contact Information

Dr. Merrill King
Telephone: 202-358-0817
E-Mail: merrill. king@hg.nasa.gov

Fundamental Physics

2/26/02

4/12/02

Dr. Mark C. Lee
Telephone: 202-358-0816
E-Mail: mark.lee@hg.nasa.gov

Materials Science

4/15/02

6/03/02

Dr. Michael J. Wargo
Telephone: 202-358-0822
E-Mail: mwargo@hg.nasa.gov

Biotechnology

7/15/02

9/03/02

Dr. Stephen C. Davison
Telephone: 202-358-0647
E-Mail: sdavison@hg.nasa.gov

Special Focus Theme:
Materials Science for Advanced Space Propulsion

7/15/02

9/03/02

Dr. Michael J. Wargo
Telephone: 202-358-0822
E-Mail: mwargo@hg.nasa.gov

Fluid Physics

10/15/02

12/02/02

Dr. Gerald Pitalo
Telephone: 202-358-0827
E-Mail: gpitalo@hg.nasa.gov




APPENDIX A
NRA 01-OBPR-08

SYS-EYFUS

This Appendix is to inform you of the change underway at NASA Headquarters in the processing
of solicitations and proposals and to provide guidance for using the new system. NASA
Headquarters has recently consolidated all of its Peer Review activities under one contract, and
as part of this consolidation will now be using a single Internet proposal web site called SYS-
EYFUS for electronic transmission of all Notices of Intent (NOI), proposal cover pages, and
proposal reviewer evaluations. Information pertaining to all Office of Biological and Physical
Research (OBPR) solicitations released after June 1, 2001 will be located at
http://research.hg.nasa.gov/code_u/code_u.cfm

I Registering Onto the SYS-EYFUS System

In order to include the names of the Principal Investigator (PI) and Co-Investigators (Co-Is) in
these web-based forms, the names must be in SYS-EYFUS as registered users. Therefore, it is
necessary for you to add your name to the database to be able to submit any of the electronic
forms. If your name is already in the database, it is necessary for you to update your personal
information, as additional information is required for names converted to SYS-EYFUS from other
databases to make them valid.

It is recommended that you add your name or update your personal information in SYS-EYFUS
today, and that you encourage your colleagues to also add or update their information. Waiting
until the proposal submission deadline to add or update names to the database may cause a
delay in submitting forms electronically.

The SYS-EYFUS database can be accessed at http://proposals.hg.nasa.gov.

1. Click the hyperlink for New User, which will take you to the Personal Information Search
Page;

2. Enter your first and last name. SYS-EYFUS will search for your record information in
SYS-EYFUS;

3. All records with first and last name entered will be displayed. Choose the correct record,
select Continue, and a user ID and password will be e-mailed to you; or

4. Choose None of the Above, select Continue, and a New User Form will be displayed for
you to enter your personal information;

5. If no records are found, select Add Record and the New User Form will be displayed;

6. Follow the online instructions and prompts to submit your personal information and a user

ID and password will be e-mailed to you.

(NOTE: |If your personal record is found but does not have an e-mail address, you will get an
error message when you choose it and select Continue. Contact the Help Desk for further
instructions.)

With your user ID and password, you can enter SYS-EYFUS by selecting the hyperlink Login on
the SYS-EYFUS homepage. Please add or update your information in SYS-EYFUS, especially
your mailing address, area of interest, and area of expertise.

Please contact the Help Desk at proposals@hqg.nasa.gov or at 202-479-9376 for any assistance
or problems with this process.
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Information on Use of SYS-EYFUS For Preparation and Electronic Submission of a
Notice of Intent and of Proposal Forms

NASA utilizes an electronic, Internet-based system of collecting Notice of Intent (NOI) and
Proposal submission information for all proposals submitted in response to all types of NASA
Research Announcements. The following instructions describe the process in greater detail.

SYS-EYFUS Homepage: http://proposals.hg.nasa.gov

A username and a password is required to submit a NOI or proposal information through
http://proposals.hg.nasa.gov

To check whether you are already in the system, please go to
http://proposals.hg.nasa.gov/forgotpassword/forgotlogin.cfm and type in your first and last name
to search our database.

If you see your name listed in the result set, please select the appropriate radio button
and click on continue. This will trigger the system to send an automatic email message
with your username and password to your email address listed in our database.

If your name does not show up on the result set, please choose the radio button named
None of the Above and click on continue. This will allow you to add yourself as a NEW
USER to the system. The system will prompt you to choose a username and a password
towards the end of the new user addition procedure. This username and password
combination allows you to access the system and submit NOIs and Proposal Summaries.

If you have a username and password for the SYS-EYFUS system:

A.

How to submit a Notice of Intent (NOI):

Visit http://proposals.hg.nasa.gov/
On the left hand side, in the Proposal Links Section, click on Login
Input your username and password and click on Continue

To submit a Notice of Intent click on New Notice of Intent option from the Options screen,
and the Division Specific Opportunities screen will appear.

In the selection window: highlight Physical Sciences and click on Continue

Click on NRA 01-OBPR-08 NASA Research Opportunities in Physical Sciences, and
then click on Continue.

This will bring you to the Notice of Intent Submission Form
Fill in all the fields, and select a theme from the pop-up lists. All fields are required.
Click on Submit NOI Page.

Next is the Team Member Page screen, where you can add or remove team members.

Please add any Co-Investigators (COls). To add a COl, highlight the COI option on the
selection list and type in first and last name and click on search. When the resulting set
appears, choose the appropriate radio button and click on Add to add the COl to this NOI.
After you are done, click on Continue. If the team member is not listed in our database,
please have them add themselves as a new user to the system.

A-2



Please add any other participating organizations (i.e., use of specific facilities, etc.). An
individual point of contact must be chosen for each of these participating organizations.
To add a participating organization point of contact, highlight the Collaborator Option and
proceed as described in 1.

You can repeat these processes to add multiple team members.

Click on Resubmit NOI Page
Then click on the Continue button

How to submit Proposal Form Information:

Visit http://proposals.hg.nasa.gov/
On the left hand side, in the Proposal Links Section, click on Login
Input your user ID and password and click on Continue

To submit a New Proposal Summary, click New Proposal Cover Page option from the
SYS-EYFUS Options screen, and the New Proposals Cover Page screen will appear.

Click on New Proposal Cover Page option, and the Division Specific Opportunities screen
will appear.

In the selection window, highlight Physical Sciences and click on Continue

Click on NRA 01-OBPR-08 NASA Research Opportunities in Physical Sciences, and
then click on Continue.

This will bring you to the Proposal Cover Page Form
Fill in all the fields, and select a theme from the pop-up lists. All fields are required.

Click Continue. Next is the Team Member Page screen, where you can add or remove a
team member. "Authorizing Official" and "Contact in case of award" are required to be
added to the list. Please add any CO-Is or points of contact from other participating
organizations (the latter should be added under the ROLE Collaborator). To add a team
member: Highlight the Team Member ROLE on the selection list and type in first and last
name; click on Search. When the result set appear, choose the appropriate radio button
and click on Add to add the team member to this proposal. You can repeat this process to
add multiple team members. After you are done, click on Continue. If the team member
is not listed in our database, please have them add themselves as a new user to the
system.

Next is the Proposal Options Page.

Please fill out the budget form by clicking on the Budget button, filling in project costs, and
clicking Continue. This will bring you to the Proposal Budget Review Page. Click
Continue if the information is correct.

At the next screen, click the Show/Print button.

At the Page entitled Proposal Information Item List click Show to preview your
Proposal Cover Page. Print the cover page once you have reviewed the information.
The cover page must be signed by both the Principal Investigator and the Authorizing
Official and attached to the front of your proposal before submission of hard copies to
NASA.
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« One (1) signed original and fifteen (15) copies of the proposal should be submitted
to NASA by 4:30 p.m. of the due date for the discipline of interest.
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APPENDIX B
NRA 01-OBPR-08

CELLULAR AND MACROMOLECULAR BIOTECHNOLOGY
l. INTRODUCTION

NASA's biotechnology program includes both cellular and macromolecular biotechnology
including research on tissue engineering and challenging structural biology problems,
respectively. This NRA solicits research to establish the scientific foundations for future
experiments on the International Space Station and to support the development of biotechnology
applications to long-duration space flight. The program seeks a coordinated research effort
involving both space and ground-based research through the solicitation of experimental studies
that require the space environment and ground-based studies that will lead to the definition of
potential flight experiments or lead to development of new technologies for future NASA missions.

The scope of this research announcement does not include research dealing with the response of
living organisms to weightlessness, an area which is the focus of ongoing programs in
Fundamental Space Biology and Bioastronautics Research Divisions.

NASA has as a major goal contributing significantly to the opening of the space frontier and
expanding the human experience. The focus of the Office of Biological and Physical Research is
to foster fundamental understanding of physical, chemical, and biological processes, building a
foundation of knowledge that can be applied to Earth- and space-based technologies.
Specifically, understanding of the fundamental role of gravity in the space environment in these
processes is needed to achieve breakthroughs in science, and to develop enabling technology for
exploration of space. The need for improved understanding of biotechnology phenomena and
development of new technologies to enable future space technologies and operations should be
recognized as one of the opportunities of the discipline.

While basic research is still of major importance to our program, there is a shift of emphasis
toward mission-oriented research, that is, research aimed at specific problems in biotechnology
for space exploration as well as for Earth-based applications. Thus, it is important that firmer links
be developed between the research in support of the exploration of space and practical
applications on Earth.

Il. PROGRAM RATIONALE
Biotechnology research and development promotes economic competitiveness.

Biotechnology has as its central mission the development of novel biological solutions for the
public health, agriculture, and many other important economic areas. There is also abundant
practical motivation for advancing biotechnology so that it can contribute to the bioterrorism
challenges of the Nation. Advances in biotechnology will benefit a wide range of applications and
research areas which depend on biotechnology as a basis for their work. For example, the
emerging area of tissue engineering may help the many Americans that suffer tissue damage or
organ failure from diseases and accidents every year. With the yearly cost of treating these
patients in the billions of dollars, tissue engineering research may allow medical treatments for
many of these injures without the complexity of finding tissue and organ donors. In addition,
tissue engineering research may also contribute to the understanding of dangerous pathogens
and support the development of vaccines against these pathogens. In the pharmaceutical
industry, structural biology leads to both fundamental understanding of life processes and in the
design of new treatments for disease. Many new drugs and improvements to existing drugs
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would never make it to the patient if it were not for the molecular analysis of the proteins they
target.

With the understanding of how the low gravity environment of space affects
biotechnological processes, researchers can develop new science and technology to
ensure National leadership in space experiments and Earth applications.

Use of the microgravity environment is just beginning to increase our understanding of the
biological sciences and to enable us to develop innovative biotechnological processes that can
exploit space. Expansion of biological technologies requires an understanding of the fundamental
processes on which these technologies are based. NASA is currently defining a program that will
study those processes that are affected by buoyancy driven convection and sedimentation, and
that can be gainfully studied using the low-gravity (diffusion controlled transport) environment of
space. Gravity's effect on these processes can be virtually eliminated in space, thus allowing
space-based experiments, coupled with ground-based experimental and theoretical research, to
provide insights into biotechnological processes. NASA’s goals are to exploit the unique
environment of space to advance the scientific understanding of biotechnology processes, use the
scientific knowledge gained through space experimentation on a wide range of biotechnology
applications, contribute to Earth-based systems concerned with biotechnology, and develop
technologies specifically supporting NASA activities.

Biotechnology can contribute significantly to human space exploration by providing
technological advances for biomedical research, life support, and biological research.

NASA has as a major goal contributing significantly to the opening of the space frontier and
expanding the human experience. For this to occur, new technologies are required for studying
and maintaining astronaut health and associated life support systems. Biotechnology can
contribute significantly to human space exploration by providing technological advances for
biomedical research, life support, and biological research. For example, development of tissue
models that enable the study of space induced diseases including bone loss, muscle atrophy, and
radiation damage can help minimize the use of animals in space research. Biotechnology can also
be used to reduce NASA mission requirements such as weight, volume, electrical power, etc. In
addition, these systems may be able to be produced and function very reliably and economically
because biological systems are capable of functioning in a highly reproducible manner, far more
reproducible than any corresponding industrial processes. To make this approach a reality, the
fundamental role of gravity in biotechnological processes needs to be studied to achieve
breakthroughs in science, and to develop enabling technology for exploration of space. The need
for improved understanding of biotechnology phenomena and development of new technologies
to enable future space technologies and operations are central to NASA’s mission.

.  CURRENT PROGRAM CONTENT

At this time, NASA is supporting approximately 100 investigations under the biotechnology
program in the following areas:

TISSUE ENGINEERING

NASA has developed low-shear bioreactor technology and uses the low gravity environment of
space to provide a unique three-dimensional cell culture setting that addresses applied and
fundamental cell science challenges associated with tissue engineering. Ground-based research
studies demonstrate that both normal and neoplastic cells and tissues recreate many of the
characteristics in the NASA bioreactor that they display in vivo. Generations of the appropriate
cytoarchitecture and inherent tissue function have occurred in the engineering of cartilage, cardiac
muscle, kidney, and other tissues using the NASA bioreactor technology. In addition, the space
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environment affords a unique opportunity to culture cells because they may be grown in an
extremely low shear environment without sedimentation. This provides the setting to readily
assemble cells and recreate the three-dimensional relationships among cells that are extremely
important to normal tissue morphogenesis and thereafter, organ function. Results reported on
long-duration tissue engineering experiments on Mir validated tissue morphogenesis in space and
demonstrated unique characteristics of tissue produced in the microgravity environment of space.
The cell science component of this program is directed at understanding the role of reduced
hydrodynamic stress and microgravity on mammalian cell adhesion, proliferation, and eventual
differentiation. Research areas included under this subtopic are as follows:

» Development of tissue models that support biomedical research in space and on Earth
including models for bone loss, muscle atrophy, and radiation risks

» Engineered tissue platforms for drug testing and biopharmaceutical production

» Research to assess the value of low shear culturing and tissue engineering using rotating
wall vessels

» Use of the microgravity environment of space to surmount obstacles to the propagation of
complex tissues

» Development of functional and differentiated tissues for use in transplantation

BIOREACTOR DESIGN AND TECHNOLOGIES FOR TISSUE ENGINEERING

A recent NRC report (see bibliography) has recommended that NASA support the development of
new technologies such as miniaturized culture systems and compact analytical devices that
enhance ISS biotechnology experiments in cell science and tissue engineering. Therefore,
research to address these NRC recommendations is solicited in this NRA.

The physical environment that cells and tissue are cultured in has a dramatic effect on the
differentiation of the cells and the resulting tissue cytoarchitecture. NASA is coupling fluid
physics, biomaterials, and automated control systems into its tissue engineering program with the
goal of generating novel bioreactor designs with enhanced transport and appropriate fluid shear
properties to support the growth of complex tissue constructs. Research areas included under
this subtopic are as follows:

» Miniaturized culture systems for cell science and tissue engineering research

« Compact analytical devices that support ISS research activities in cell science and tissue
engineering

 Research into new tissue culture technologies and approaches that support three-
dimensional tissue propagation (for example, perfusion or pulsed-flow methods)

» Research on fluid modeling and the effect of reduced levels of hydrodynamic shear and
the role of mass transport on cellular propagation and tissue assembly in rotating wall
bioreactor systems

» Research to support the development of technologies (biosensors for pH, glucose, and
oxygen levels, etc.) and maintenance strategies for three-dimensional tissue culture to
allow long-term automation and improve the tissue culturing process via a more
physiologically balanced system

« Biomaterials and scaffolds for tissue engineering: biopolymer and biomaterials research

that support growth of anchorage dependent cells and allows tissue to form with the
correct morphology
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STUDIES ON CHANGES IN CELLULAR FUNCTION

Gene array analysis of cultured human renal cells was used to do the first comprehensive
analysis of the microgravity induced adaptive responses as demonstrated in the expression of
10,000 genes. In this case, more than 1,600 genes in the kidney cells changed their expression
levels up and down in microgravity, demonstrating that there is a select group of gravity
dependent genes. Renal cells were grown in microgravity, on the ground using the rotating wall
vessel culture system, and in a centrifuge at 3g. While only 5 genes changed more than 300%
during 3g centrifugation, 1,632 genes changed in microgravity, and 914 genes changed in the
rotating wall vessel. Thus, renal cells display discrete responses to changes in their gravitational
environment during growth. Research in this area will demonstrate the use of space as a
potential probe to discover new cellular regulatory systems and reactions. Such discoveries can
open new strategies in understanding disease processes and advance our knowledge of cellular
processes necessary for invoking low gravity research and technologies to support basic and
applied science goals. Research areas included under this subtopic are as follows:

e Studies on gene expression
» Research into metabolic adaptations
e Cytoarchitecture studies including membrane composition and cytoskeletal array

RESEARCH ON CHALLENGING STRUCTURAL BIOLOGY PROBLEMS

A recent NRC report (see bibliography) has recommended that NASA fund a series of grants to
support research that uses microgravity to produce crystals of macromolecular assemblies with
important implications for cutting-edge biology problems. The NRC report stated that the success
or failure of these research efforts would definitively resolve the issue of whether the microgravity
environment can be a valuable tool for structural biology.

Therefore, requests for structural biology research proposals that address the NRC report
recommendations are solicited in this NRA. Some examples of classes of systems that currently
meet these criteria include the following: membrane proteins, molecular motors, and biopolymer
synthetic machinery (e.g., origin of replication complexes and transcriptional pre-initiation
complexes). The NRC report described all of these systems as elaborate and fragile, which
makes them difficult to crystallize unless the conditions are just right; microgravity might improve
the quality of the crystals enough to increase the resolution to a level at which key structures can
be discerned. For example, macromolecular assemblies that have been resolved to
approximately 4 angstroms could benefit if microgravity crystallization allowed improvement to 3.5
Angstroms, where alpha helices and beta sheets could be more accurately discerned.

Challenging structural biology problems where efforts are already underway, although
crystallization has been difficult, would be favored over nascent research projects in this area.

Research areas included under this subtopic are as follows:

» Extending crystallographic analyses to more complex and challenging systems, such as
motor proteins, glycoproteins, and integral membrane proteins by using the space
environment

» Elucidation of the fundamental factors that provide for the observed benefits in diffraction
performance when macromolecular crystals are grown in microgravity

» Use of the microgravity environment of space to support neutron diffraction studies by
growing larger, high quality crystals on the order of millimeters

» Development of technologies to improve macromolecular crystallization throughput for
ISS structural biology and proteomics research

» Technologies for monitoring, controlling, and automating crystal growth of biological
macromolecules to accelerate progress in structural biology

B-4



« Research on macromolecular crystal growth mechanisms, defect formation, and
optimization strategies as it relates to challenging systems in structural biology

BIOLOGICAL NANOTECHNOLOGY AND BIOMATERIALS

NASA is looking to expand its current activities in protein-based materials for application to future
NASA missions. Biological nanotechnology and biomaterials can be used to reduce NASA
mission requirements such as weight, volume, electrical power, etc. Biological molecules can be
incorporated into nanotechnology development in several ways: biological molecules or
assemblies could serve as molecular-sized sensors, genetic engineering could be used to
produce a single molecule with both a molecular receptor and a signal function, etc. Research on
structural proteins such as collagen, keratin, and silk may form the basis for producing a variety of
hierarchical structures that are characterized by the ability to undergo biomolecular self-
assembling. Structural protein-based materials may be able to incorporate novel properties by
genetically engineering the sequences or incorporating modular components from other proteins.
Finally, these systems may be able to be produced very reliably and economically because
biological systems are capable of manufacturing large molecules in a highly reproducible manner,
far more reproducible than any corresponding industrial processes. Research areas included
under this subtopic are as follows:

« Development of engineered biological systems that can be exploited for applications such
as ultrafiltration membranes or solid enzyme catalysts

» Research on the fabrication of complex, self-assembling protein devices and materials for
NASA applications

» Research on structural protein-based materials that incorporate novel properties for use
in NASA activities

V. FUTURE DIRECTIONS OF THE PROGRAM

Future proposals are not limited to the topic areas discussed in this Appendix; extension to
biotechnology topics not currently included in NASA's Biotechnology Program is strongly
encouraged to permit us to broaden the program scope. Research areas that have been
identified as having potential to contribute to human exploration of space include the following:

SEPARATION, PURIFICATION, AND REMEDIATION METHODS

Separation and purification methods to clean and recycle water are technologies needed to
reduce the costs of exploration in long-duration space flight research. For example, cell and
tissue systems require significant amounts of pure water for long-duration space studies.
Purification methods must be specific for toxic molecules, reliable, inexpensive, and make small
demands on spacecraft resources such as power, mass, and volume. Remediation of fluids is an
important enabling technology for spaceflight. One possible biological application is the use of
cellular organisms or biological molecules to convert or catalyze fluid waste to usable products,
such as potable water, oxygen, methane, etc.

SELECTIVE PRESSURES ON CELL POPULATIONS

Critical for humanity’'s long-term occupation of space is the assessment of selective pressures on
mammalian and microbial cell populations. The induced phenotypic and genotypic changes need
to be assessed through generations of cell populations sustained in the space environment (low
gravity, etc.). The development of unique technologies and methodologies to enhance research
on selective pressures will apprise us of the risks to our biological integrity and to our life-based
support systems.

DEVELOPMENT OF BIOSENTINEL TECHNOLOGIES

B-5



Genome damage from radiation is one primary source of DNA mutation. NASA is seeking new
technologies to monitor mutation levels in DNA. Biosensor and biosentinel systems to monitor
radiation effects and other space environmental factors (magnetic fields, atmospheres,
gravitational fields, etc.) on cell replication and DNA for manned and unmanned robotic science
missions are needed. These biosentinel systems for exploratory research may incorporate
biomolecules in their detection systems. DNA biosentinel technology will be important for future
exploration of space by humans.

MICROBIOSENSOR MONITORING DEVICES

Micro- and Nano-technology based sensors for use in biological systems and experiments may
have unique application to long-duration space missions. The development of extremely stable
and small biosensor devices is central to advancement of many biotechnological processes and
their use in support of long-duration space missions.

APPLICATION OF EXTREMOPHILIC ENZYMES

Certain bacteria and archeabacteria have been found to flourish in extreme environments: high
and low temperatures, high and low pH, etc. The unique and robust enzymes produced by these
organisms, or the organisms themselves, can have applications in industry and may be of
substantial benefit for certain chemical processes involved in long duration space flight or
colonization of the Moon and Mars. The specificity of enzymes is superior to conventional
catalysts and can serve to eliminate multi-step reactions and unwanted side products, making the
overall chemical process much more efficient. Research may establish unique application of
extremophiles or their enzymes in support of exploration goals.

IN SITU RESOURCE UTILIZATION EMPLOYING BIOLOGICAL TECHNOLOGIES

The phrase in situ resource utilization has been used to describe the utilization of ores or soils of
foreign planets, moons, or asteroids for the production of materials needed for space exploration.
Identification or engineering of cells or molecules with the potential to catalyze the production of
materials such as oxygen, hydrogen, methane, etc. using alien materials is of interest.
Biologically based catalysts are of particular interest since they can be efficient and effective at
moderate and low temperatures that are often impractical for standard industrial processes.
Biological molecules can be genetically engineered and expressed for the purposes of isolating
particular compounds or metals from soil.

GENETIC ENGINEERING OF BIOMOLECULES FOR LONG-TERM SPACE FLIGHT

Cells and subcomponents of cells are efficient chemical plants reproducibly manufacturing
numerous, large, and multifunctional compounds. Genetic engineering allows the manipulation of
cells to produce these compounds of specific interest. In most cases, this production is difficult or
impossible by standard organic chemistry. Cells such as Escherichia coli, yeast, etc. can be
engineered to produce one or more compounds. Possible uses for genetically engineered proteins
would be nutrients and medicines of value for spacefarers, or a protein-based artificial blood for
emergency situations. ldeally, genetically engineered cells would be stored in an inactive state.
When needed, the cells could be cultured and the required material expressed.

BIOMEDICAL APPLICATIONS OF NASA RESEARCH

NASA research and technology supported under the Physical Sciences Division may have unique
application in certain areas of biomedical research that would be of substantial benefit and
accelerate a particular area. Under this solicitation, NASA is looking to support investigations that
may be collaborative with other agencies in which NASA research or technology is being applied
to a particular biomedical research problem. For example, NASA-developed laser light scattering
technology has found application in biomedical research on eye diseases. Related areas in which
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NASA is conducting biomedical related research include the Biomedical Research and
Countermeasures Program, and its collaborative efforts with the National Space Biomedical
Research Institute, and the Biomolecular Physics and Chemistry Program and its collaborative
efforts with the National Cancer Institute. Additional information on these programs is available,

respectively, at these websites http:/spaceresearch.nasa.gov/research_projects/biomedical.html]

and http://spaceresearch.nasa.gov/research projects/biomolecular.htmif.

METABOLIC ENGINEERING

Metabolic Engineering (ME) is the targeted and purposeful alteration of metabolic pathways found
in an organism to better understand and use cellular pathways for chemical transformation,
energy transduction, and supramolecular assembly. ME typically involves the redirection of
cellular activities by the rearrangement of the enzymatic, transport, and regulatory functions of the
cell through the use of recombinant DNA and other techniques. ME has many potential
applications for NASA long-duration missions where production increased efficiency of complex
biomolecules is required. Proposals are invited that develop enabling technologies or potentially
useful strategies for employing ME on future NASA missions.

V. INTERDISCIPLINARY RESEARCH PROJECTS

To accomplish biotechnology goals, this research announcement is also soliciting interdisciplinary
proposals that encourage the formation of teams of researchers that can advance research and
develop novel approaches through an interdisciplinary approach. Research groups from the
same or different institutions may team and submit a joint research proposal. Proposals in this
category must be formed through a cooperative arrangement between the research groups with
one research group having, for example, comprehensive bioengineering and fluid dynamic
capabilities, and the other an outstanding background in the biological sciences. The goals of the
interdisciplinary research projects are to develop advanced technology, promote ground-breaking
research, and support technology transfer. Because biotechnology is an inherently cross-
disciplinary activity, interdisciplinary proposals are being solicited under this announcement to
produce research teams with a critical size to accelerate areas of interest to NASA and address
complex research problems.

Interdisciplinary proposals should identify key personnel and their expertise. It must be clearly
stated who the Principal Investigator and the lead institution are and how the effort will be
integrated. A science team, for example, may wish to work with a strong engineering team, at its
own or another institution, but these proposals should state how teaming and cooperation
between the engineering and science teams will be managed. Management structure, goals, and
cooperation with the research community to facilitate the transfer of technology must be evident in
the proposal.

VI. HARDWARE AND FACILITY DESCRIPTIONS

NASA is pursuing a program for the development of payloads capable of accommodating multiple
users and their science requirements. In the interest of minimizing project cost and complexity,
NASA encourages the use of existing U.S. or Internationally developed space hardware whenever
consistent with experiment requirements.
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A list of the flight hardware available or planned for use in the Cellular and Macromolecular
Biotechnology Program is given below. Detailed descriptions of this hardware can be obtained at
the following Web sites:

Cellular Biotechnology: www.jsc.nasa.gov/sa/bso.html
Macromolecular Biotechnology: www.crystal.nasa.gov

International equipment described here may be offered for flight on a cooperative basis with
agencies from various countries. The availability of the hardware described in this section is
contingent upon the availability of funds, flight manifest opportunities, and, for international
hardware, cooperative agreements between NASA and the appropriate foreign space agency.

A. 1SS GLOVEBOX (MGBX) (NASA/MSFC)
B. THERMAL ENCLOSURES

Use of the Single-locker Thermal Enclosure System (STES) or the Thermal Enclosure System
(TES) is encouraged for investigations requiring experiment temperature control.

1. Single Locker Thermal Enclosure System (STES)

2. Thermal Enclosure System (TES)

3. Space Station Thermal Enclosure Systems
C. MACROMOLECULAR BIOTECHNOLOGY

Protein Crystallization Apparatus for Microgravity (PCAM)

Diffusion-controlled Protein Crystallization Apparatus for Microgravity (DCAM)
Protein Crystallization Facility - Light Scattering Temperature (PCF-LST)

Protein Crystallization Facility - Variable Gradient (PCF-VG)

Protein Crystallization Diagnostics Facility (PCDF) (European Space Agency/ESA)
Interferometer for Protein Crystal Growth (IPCG)

Dynamically Controlled - Protein Crystal Growth (DC-PCG)

Observable Protein Crystal Growth Apparatus (OPCGA)

© N o g w DN E

D. CELLULAR BIOTECHNOLOGY

The Cellular Biotechnology flight hardware provides the technological capability for addressing the
potential of microgravity as a tool in tissue engineering and cell science.
1. Slow Turning Lateral Vessel (STLV)
2. High Aspect Ratio Vessel (HARV)
3. The Hydrodynamic Focusing Bioreactor (HFB)
The Rotating Wall Perfused Vessel (RWPV)
The Biotechnology Specimen Temperature Controller (BSTC)
The Biotechnology Refrigerator (BTR)
Cryodewar
The Cell Culture Unit (CCU) Ames Research Center

© N o a &
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E. OTHER BIOTECHNOLOGY FLIGHT HARDWARE

1. Commercial Generic Bioprocessing Apparatus (CGBA)
a) Fluid Processing Apparatus (FPA)
b) Group Activation Pack (GAP)
c) GBA-INC
d) GBA-ICM

2. ADvanced SEParations (ADSEP)

3. Materials Dispersion Apparatus (MDA) Minilab

VILI. NRA FUNDING AND SCHEDULE

All proposals submitted in response to this Announcement are due on the date and at the address
given below by the close of business (4:30 p.m. EDT). NASA reserves the right to consider
proposals received after this deadline if such action is judged to be in the interest of the U.S.
Government. A complete schedule of the review of the proposals is given below.

Notice of Intent Due:  July 15, 2002

Proposal Due: September 3, 2002

Final Selections: March 2003

Funding Commences: No sooner than April 2003

The total amount of funding for this program is subject to the annual NASA budget cycle. The
Government’s obligation to make awards is contingent upon the availability of appropriated funds
from which payment for award purposes can be made and the receipt of proposals which the
Government determines are acceptable for an award under this NRA. For the purposes of budget
planning in the Cellular and Macromolecular Biotechnology Program, we have assumed that 3
highly meritorious flight experiment definition proposals will be funded. These efforts are typically
funded at an average of $200,000 per year. It is also anticipated that approximately 16 ground-
based investigations from those judged to be highly meritorious will be funded, at an average of
approximately $170,000 per year, for up to 4 years. In addition, it is expected that two
interdisciplinary projects which meet the demanding scientific merit and programmatic standards
will be funded at an average cost of approximately $600,000 per year.

The initial fiscal year funding for all proposals will be adjusted, if required, to reflect partial fiscal
year efforts.

VIII. BIBLIOGRAPHY

The Microgravity Science and Applications Program Tasks and Bibliography for FY 2000,
which contains a searchable database on currently funded research, may provide useful
information to investigators and can be viewed at the following Web site:
http://peerl.nasaprs.com/peer_review/taskbook/micro/mg00/mtb.cfm

NRC Report on Future Biotechnology Research on the International Space Station is available at
the following Web site: www.nationalacademies.org/ssb/btfmenu.htm

B-9



Questions about this program element may be directed to the Biotechnology Enterprise Scientist:

Dr. Steve Davison

Code UG

NASA Headquarters

300 E Street SW

Washington, DC 20546

Telephone: 202-358-0647

Fax: 202-358-3091
E-Mail: sdavison@hqg.nasa.gov
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APPENDIX C
NRA 01-OBPR-08

MICROGRAVITY COMBUSTION SCIENCE:
RESEARCH AND FLIGHT EXPERIMENT OPPORTUNITIES

l. INTRODUCTION

NASA has supported research in Microgravity Combustion Science for over two decades. This
extensive research program supports theoretical and experimental investigations in ground-based
laboratories. Also, many investigations are conducted using equipment built to take advantage of
the limited low gravity test times available in ground-based facilities, such as the drop-towers at
the NASA Glenn Research Center or NASA's Parabolic Low Gravity Flight research aircraft.
These ground-based experiments, along with theoretical modeling, form the basis for most of our
current understanding of the effects of gravity on combustion processes and phenomena,
providing the necessary frameworks for development of rigorous understanding of basic
combustion phenomena. This research can eventually mature to the point where it becomes the
focus of a well-defined flight experiment, utilizing sounding rockets, Space Shuttle flights, and
International Space Station (ISS) facilities.

The need for improved understanding of combustion phenomena to enable future space
technologies and operations should be recognized as one of the primary opportunities of the
discipline. Included are development of spacecraft combustion/propulsion systems, fire safety,
use of in-situ resources, and power generation in extraterrestrial environments. In the area of
spacecraft fire safety, better characterization of flammability of various materials, improved fire
detection, and improved fire suppression under microgravity conditions are of importance. At a
Spacecraft Fire Safety Workshop held in June 2001, a number of experts in various disciplines
related to spacecraft fire safety were brought together to 1) identify research needed to ensure fire
safety in future Shuttle and International Space Station systems and payloads, 2) promote ISS fire
safety through proposals for innovative designs, operations, and validation procedures, 3) identify
areas of concern related to fire safety inherent to long-duration space missions in Earth orbit and
beyond, and 4) anticipate research required to plan and design habitats for planetary exploration.
Further details on this workshop and its products may be found on the Web at
http://imww.ncmr.org/events/firesafety.

While basic research into fundamentals is still considered to be of major importance to our
program, there has recently been a major shift of emphasis toward “mission-oriented” research;
that is, research aimed at specific problems in combustion applications on Earth as well as under
reduced gravity or microgravity conditions. Thus, it is important that firmer linkages between the
research being done using microgravity and applications to practical applications on Earth (e.g.,
increased efficiency of conversion of chemical energy contained in fuels to useful work, reduction
of combustion-generated pollutants from automobile engines and other combustors, decreased
fire and explosion hazards) be established for an increasing percentage of efforts funded under
this program.

Il. PROGRAM RATIONALE

Combustion processes play a major role in the Nation’s economy, but in so doing result in
production of undesired byproducts (pollutants).

Combustion has been a subject of increasingly vigorous scientific research for over a century, not
surprising considering that combustion accounts for approximately 85% of the world's energy
production and is a key element of many critical technologies used by contemporary society. For
example, electric power production, home heating, surface and air transportation, space
propulsion, and materials synthesis all utilize combustion as a source of energy. Yet, although
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combustion technology is vital to our standard of living, it poses great challenges to maintaining a
habitable environment. For example, pollutants, atmospheric change and global warming,
unwanted fires and explosions, and the incineration of hazardous wastes are major problem areas
that would benefit from improved understanding of combustion. Thus, combustion phenomena
have unusually large impacts on major problems facing us today. The United States alone
consumes approximately 90 Quadrillion BTU of energy per year, at a cost of approximately $400
billion (assuming $25 per barrel oil). Of this amount, approximately 90% uses combustion
processes to generate the desired products of heat or work.

Study of the details of combustion processes is greatly complicated at normal gravity by
buoyancy effects; use of microgravity eliminates buoyancy and its associated
complications.

Effects of gravitational forces on earth impede combustion studies more than they impede most
other areas of science. Combustion intrinsically involves the appearance of high-temperature
gases whose low density triggers buoyant motion under normal gravity conditions, vastly
complicating the execution and interpretation of experiments. The effects of buoyancy
(proportional to gravity level) are so ubiquitous that we often do not appreciate the enormous
negative impact that they have had on the rational development of combustion science.
Perversely, the effects of buoyancy are strongest in the highest temperature regions of flames,
where most of the chemical reactions occur. This causes these reaction zones, where current
understanding is most limited, to collapse into very thin sheet-like regions not resolvable by
existing or anticipated instrumentation. Buoyant motion also triggers the onset of turbulence,
yielding unsteady effects as an additional complication. Finally, buoyancy causes particles and
drops to settle, inhibiting studies of heterogeneous flames important to furnace, incineration and
power generation technologies. Microgravity offers potential for major gains in combustion
science understanding in that it offers unique capability to establish the flow environment rather
than having it dominated by uncontrollable (under normal gravity) buoyancy effects, and through
this control extend the range of test conditions that can be studied.

With the understanding of fundamental combustion subprocesses that can be obtained
from microgravity testing, rational approaches to improved combustor design can be
developed.

A major goal of microgravity combustion research is production of fundamental (foundational)
knowledge that can be used in developing accurate simulations of complex combustion
processes, replacing current “cut-and-try” approaches and allowing developers to improve the
efficiency of combustion devices, to reduce the production of harmful emissions (estimated to
cause in excess of 50,000 deaths per year), and to reduce the incidence of accidental
uncontrolled combustion (fires, explosions) which cause in excess of 5,000 deaths, 25,000
injuries, and $25 billion in property losses each year. It appears that the most fruitful approach to
achieving meaningful technology gains in processes involving combustion is to concentrate on
developing better understanding of the fundamentals of the individual processes involved. With
full understanding of the physics and chemistry involved in a given combustion process, including
details of unit processes and their interactions, physically accurate models for use in parametric
exploration of new combustion domains via computer simulation can be developed, with possible
resultant definition of radically different approaches to accomplishment of various combustion
goals.

Differences in combustion processes under microgravity conditions must be addressed
and quantified in order to maximize fire safety on orbiting vehicles such as the
International Space Station.

Fire and/or explosion events aboard spacecraft could be devastating to international efforts to

expand the human presence in space. Accordingly, NASA seeks to improve fire safety aboard
spacecraft such as the Shuttle and the International Space Station. Testing to date has shown
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that ignition and flame spread on fuel surfaces (e.g., paper, wire insulation) behave quite
differently under partial gravity and microgravity conditions. In addition, fire sighatures—i.e., heat
release, smoke production, flame visibility, and radiation—are now known to be quite different in
reduced gravity environments; this research has provided data to improve the effectiveness of fire
prevention practices, smoke and fire detectors, and fire extinguishment systems. The more we
can apply our scientific and technological understanding to potential fire behavior in microgravity
and partial gravity, the more assurance can be given to those people whose lives depend on the
environment aboard spacecraft or eventually on habitats on the Moon or Mars.

The value of microgravity combustion research is shown by definition of desirable results,
identification of key barriers to achieving them, and demonstration of how microgravity
research overcomes these barriers.

One approach to defining the value of the microgravity combustion program is through definition
of desirable benefits, identification of key scientific barriers to achievement of such benefits, and
discussion of how microgravity studies can be utilized to overcome these barriers. One goal of
combustion research is reduction of combustion-generated pollutants that pollute the atmosphere
and lead to global warming. Barriers to progress in this area include lack of understanding of
reaction, pyrolysis, and devolatilization kinetics, of soot nucleation, growth, and oxidation
processes, of flame stabilization mechanisms, and of kinetic-transport interactions; microgravity
research can contribute to overcoming these barriers by providing increased spatial resolution
through use of larger length scales that cannot be achieved at normal gravity without confounding
buoyancy effects. Another potential benefit of combustion research is reduction of fire and
explosion hazards. Technological barriers here include lack of understanding of flammability limit
mechanisms, ignition limit mechanisms, smolder-to-fire transition, and fire growth processes;
microgravity studies can contribute significantly by elimination of the intrusion of buoyancy effects
that obscure these fundamental phenomena under normal gravity conditions. A third goal is
development of improved hazardous waste incineration processes, currently hindered by lack of
understanding of reaction pathways leading to pollutants and toxic products; microgravity can help
by providing improved spatial resolution, long controllable residence times, and elimination of
settling of condensed phase species. Still another objective is development of increased
efficiency of conversion of chemical energy stored in fuels to useful heat and work; progress is
hampered at normal gravity by lack of understanding of soot production processes, turbulence-
flame interactions, droplet vaporization, near-critical behavior, and very fuel-lean combustion.
Microgravity is useful here in providing controllable residence times, reducing of turbulence scales
to allow direct model comparison, providing truly one-dimensional geometries (allowing
meaningful comparison of tractable models with data), and general simplification of experiments.
Production of improved materials via combustion synthesis is an important development area
today; barriers to progress include lack of understanding of heterogeneous kinetics and of
processes leading to improved structural ordering and infiltration of materials in composites; a
microgravity environment can help here by eliminating sedimentation (which leads to particle
agglomeration) and by eliminating gravity-induced flow through pores in the developing structure.

Il CURRENT PROGRAM CONTENT

At this time, we are funding approximately 20 flight and flight definition and 70 ground-based
investigations encompassing both experimental and modeling activities. These may be broken
out into a number of categories and subcategories (somewhat arbitrarily) as follows:

Gaseous Flames: Diffusion Flames, Premixed Flames, Partially Premixed Flames, Triple
Flames, Flame-Vortex Interactions, Kinetics, Electrical Field Effects,

Magnetic Field Effects, Flame Suppression, Edge Flames

Droplets, Sprays, Particles, and Dust Clouds: Single Droplets, Droplet Arrays, Sooting
Droplets, Sprays, Particle Combustion, Dust Clouds, Bubble Combustion

C-3



Combustion Synthesis: Self-Propagating High-Temperature Synthesis (SHS),
Fullerene production from Flames, Nanoparticle production from Flames,
Agglomerate production from Flames, Plasma Synthesis

Surface Combustion/Fire Safety: Flame Spread, Flammability Testing, Flame Detection,
Extinguishment, Smoldering, Liquid Pool Combustion, Secondary Fires

Miscellaneous: Cold Boundary Flames, Diagnostics Development

More information regarding these programs can be obtained from papers presented in the
Proceedings the Sixth International Microgravity Combustion Workshop (May 2001), available at
http://www.ncmr.org/events/combustion2001/index.html.

V. FUTURE DIRECTIONS OF THE PROGRAM

As recommended by the Microgravity Combustion Discipline Working group (an external advisory
group), we plan to expand this program into additional activities in the years to come, covering a
much wider range of reacting flow phenomena. Examples of activities that may be added to the
program include

e Chemical Vapor Deposition Processing

» Chemical Vapor Infiltration Processing for Densification of Woven Materials
e Supercritical Water Oxidation

* In-situ (Mars, Moon) Resource Utilization Power Cycles

e In-situ Chemical Processing

* Thermal Plasmas

In addition, we may develop initiatives (clustered programs) in such areas as

Active Control of Combustors

Very Fuel-lean Combustion, with Emphasis on Hydrogen as a Fuel

Advanced Propulsion Systems for Interplanetary Travel

Development of Combustion Processes for Production of Fullerenes and Single-Walled
Nanotubes

pONPE

It should be emphasized that future proposals are not limited to the topic areas discussed in this
Appendix; extension to combustion topics not currently included in the Microgravity Combustion
program is strongly encouraged to permit us to broaden the program scope. As always, it is
important that the investigator establish clear microgravity relevance (preferable) or relevance to
OBPR space exploration goals, as delineated in the main body of this NRA, of the proposed
study.

In selection of future projects, while peer review for determination of technical merit and
microgravity relevance will continue to be important in terms of providing a necessary condition for
program selection, additional consideration will be given into how these programs fit within a
framework developed for achievement of the goals of the discipline. In addition, it is very
important that we coordinate our activities with those of other government agencies funding
combustion research activities, and that we concentrate on transferring knowledge gained from
our research to industrial use.

V. HARDWARE AND FACILITY DESCRIPTIONS
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A list of hardware, facilities, and diagnostic capabilities available or planned for use in the
Microgravity Combustion program is given below. Detailed descriptions of the facilities and
hardware may be found at the following Web site:

http://microgravity.grc.nasa.gov/MSD/MSD _htmls/piinfo.html.

* FLIGHT HARDWARE

The experimental hardware listed in this section is under development for flight on ISS. NASA
anticipates additional future flight opportunities for investigations capable of using this hardware.
To accommodate as many investigations as possible, the chamber inserts and diagnostics
systems are being designed to be as modular as possible. This will allow Pls to share many
major systems, reducing cost and time to flight.
A. ISS COMBUSTION INTEGRATED RACK (CIR)
B. MINI-FACILITY INSERTS
1. Multi-User Droplet Combustion Apparatus (MDCA)
2. Multi-User Solid Fuel Apparatus (FEANICS)
3. Multi-User Gaseous Fuels Apparatus (MGFA)
C. ISS MICROGRAVITY SCIENCE GLOVEBOX

D. SOUNDING ROCKETS

* GROUND-BASED FACILITIES

Investigators often need to conduct reduced gravity experiments in ground-based facilities during
the experiment definition and technology development phases. The NASA ground-based
reduced-gravity research facilities that support the MRD combustion program include two drop
towers at NASA’s Glenn Research Center (GRC) and a KC-135 aircraft that is based at the
Johnson Sp